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Description 

[0001 ] The present Invention is related to novel processes for preparing anhydrous and hydraled forms of piperldlne 
derivatives, polymorphs and pseudomorphs thereof which are useful as antihistamines, antiallergic agents and bron- 
5 chodllators [United States Patent No. 4,254,129, IVIarch 3, 1981 , United States Patent No. 4,254,130, March 3, 1981 
and United States Patent No. 4,285.956, April 25. 1981]. 

SUMMARY OF THE INVENTION 

10 [0002] The present invention provides a process for preparing anhydrous, pharmaceutically acceptable acid addition 
salts of piperldlne derivatives of the formulas 



15 



20 



25 




30 wherein 

Rf represents hydrogen or hydroxy; 
R2 represents hydrogen; or 

and Rg taken together form a second bond between the carbon atoms bearing R^ and R2; 
35 n is an integer of from 1 to 5; 

R3 is -CHjOH, -COOH or -COOalkyI wherein the alkyi moiety has from 1 to 6 carbon atoms and is straight or 
branched; 

each of A Is hydrogen or hydroxy; and 

phamiaceutlcally acceptable salts and Individual optical Isomers thereof, 

40 

comprising subjecting the corresponding hydrated, phanmaceutically acceptable acid addition salt to an azeotropic 
distillation. 

[0003] In addition, the present invention also provides a process for preparing anhydrous, pharmaceutically accept- 
able acid addition salts of piperldlne derivatives of the fonnula 
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wherein 

represents hydrogen or hydroxy; 
R2 represents hydrogen; or 

and R2 taken together form a second bond between the carbon atoms bearing R^ and Rj; 
n is an integer of from 1 to 5; 

R3 is -CH2OH, -COOH or -COOalkyI wherein the allcyl moiety has from 1 to 6 carbon atonns and is straight or 
branched; 

each of A is hydrogen or hydroxy; and 

pharmaceutically acceptable salts and individual optical isomers thereof, 



comprising subjecting thecon^espondlng hyd rated, phamiacautically acceptable acid addition satt to a water-minimizing 
recrystallization. 

[0004] in addition, the present invention provides a process for preparing the hydrated, phannaceuticaily acceptable 
acid addition salts of piperidina derivatives of theformuia 




wherein 



R^ represents hydrogen or hydroxy; 
R2 represents hydrogen; or 

Rl and R2 tal^en together form a second bond between the carbon atoms bearing and R2; 
n is an Integer of from 1 to 5; 

R3 is -CH2OH, -COOH or -C00all<yi wherein the alityl moiety has from 1 to 6 carbon atoms and is straight or 
branched; 
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each of A is hydrogen or hydroxy; and 

pharmaceutically acceptable salts and individual optical isomers thereof, 

comprising subjecting the cprresponding anhydrous, pharmaceutically acceptable acid addition salts to an aqueous 

recrystaltization. 

[0005] In addition, the present invention provides processes for preparing polymorphs of anhydrous 4-[4-[4-(Hydrox- 
ydiphenylmethyl)-1-piperidinyl]-1-hydroxybutyl]-a,a-dimethylben2eneacetic acid hydrochloride designated herein as 
Fonri I and Form III and processes for preparing psuedomorphs of hydrated 4-[4-[4-(Hydroxydtphenylmethyl)-1-pipG- 
ridinyl]-1-hydroxybutyl]-a,cx-dimethylbenzeneaceticacid hydrochloride designated herein as Form II and Form IV. 
[0006] The Form I polymorph may be identified by the following characteristics: a visual melting point (capillary tube) 
in the range of about 1 96-201 ^C; a melt endotherm with extrapolated onset in the range of about 1 95-1 99°C as deter- 
mined by diffGrenllal scanning calorimetry; and an X-ray powder diffraction pattern essentially as shown in Table 1 
wherein the XRPD patterns were measured using a powder diffractometer equipped with a Co X-ray tube source. The 
sample was illuminated with Co Ka^ radiation and XRPD data were collected from 5 to 55*» 2G. (intensities may vary 
radically due to preferred orientation). 



Table 1 



D -Space, Angstroms 


Intensity, l/l^, % 


11.8 


30 


7.3 


30 


6.3 


65 


5.9 


35 


5.0 


45 


4.8 


100 


4.4 


45 


3.9 


60 


3.8 


76 


3.7 


30 



[0007] The Form HI polymorph may be Identified by the following characteristics: a visual melting point (capillary 
tube) in the range of about 166-171^0; a broad endotherm below about 90^C, a melt endotherm with an extrapolated 
onset of about 1 66°C as determined by differential scanning calorimetry; and an X-ray powder diffraction pattern es- 
sentially as shown In Table 2 wherein the XR PD patterns were measured using a powder diffractometer equipped with 
a Co X-ray tube source. The sample was illuminated with Co Ka^ radiation and XRPD data were collected from 5 to 
55*^ 26. (Intensities may vary radically due to preferred orientation). 



Table 2 



D-Space, Angstroms 


Intensity, l/l^,. % 


9.0 


95 


4.9 


100 


4.8 


35 


4.6 


25 


4.5 


25 


3.7 


25 



[0008] The Form II pseudomorph may be identified by the following characteristics: a visual melting point (capillary 
tube) In the range of about 100-105°C; a large broad endothemi below about lOO^'C and a small endothermic peak 
(about 2 joules/gram) with extrapolated onsets in the range of about 1 24-1 26X as determined by differential scanning 
calorimetry; and an X-ray powder diffraction pattern essentially as shown in Table 3 wherein the XRPD patterns were 
measured using a powder diffractometer equipped with a Co X-ray tube source. The sample was Illuminated with Co 



EP1 178 041 A1 

Koc-i radiation and XRPD dataware collected from 5 to 55° 26 (intensities may vary radicaiiy due to preferred orientation) . 



Tabie 3 



D-Space, Angstronns 


intensity, i/l^,, % 


7.8 


45 


6.4 


44 


5.2 


85 


4.9 


60 


4.7 


80 


4.4 


56 


4.2 


50 


4.1 


60 


37 


75 


3.6 


60 


3,5 


50 



[0009] The Fomri iV pseudomorph may be Identified by the following characteristics: a visual melting point (capillary 
tube] in the range of about 113-118**C; two broad overlapping endothenrts below about 100°C and an additional en- 
dothemn wfth an extrapolated onset at approximately 146°C as determined by differential scanning calorimetry and an 
X-ray powder diffraction pattern essentially as shown In Table 4 wherein the XRPD patterns were measured using a 
powder dlffractometer equipped with a Co X-ray tube source. The sample was illuminated with Co Ka^ radiation and 
XRPD data were collected from 5 to 55° 28. (Intensities may vary radically due to pretended orientation). 



Table 4 



40 



D-Space, Angstroms 


Intensity, l/l^, % 


10.4 


60 


70 


45 


6.4 


50 


5.3 


100 


5.2 


55 


4.3 


75 


4.1 


50 


4.0 


45 


3.8 


60 


3.5 


55 



DETAILED DESCRIPTION OF THE INVENTION 

[0010] Phamriaceutlcally acceptable acid addition salts of the compounds of f omiula (I) and (II), both anhydrous and 
50 hydrated, are those of any suitable Inorganic or organic acid. Suitable Inorganic acids are, for example, hydrochloric, 
hydrobromic, sulfuric, and phosphoric acids. Suitable organic acids Include carboxylic acids, such as, acetic, propionic, 
glycolic, lactic, pyruvic, malonic, succinic, fumaric, malic, tartaric, citric, cyctamic, ascorbic, maleic, hydroxymaleic, and 
dihydroxymaleic, benzoic, phenyiacetic, 4-amlnobenzolc, 4-hydroxybenzolc, anthranlllc, cinnamic, salicylic, 4-aml- 
nosalicylic. 2-phenoxybenzolc, 2-acetoxybenzolc. and mandelic acid, sulfonic acids, such as, methanesulfonlc. 
55 ethanssulfonic and ^-hydroxy ethanes u If on tc add. 

[0011] As used herein, the term "hydrate" refers to a combination of water with a compound of fonmula (I) or (II) 
wherein the water retains its molecular state as water and Is either absorbed, adsorbed or contained within a crystal 
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lattice of the substrate molecule of formula (I) or (II). 

[0012] As used herein, the term "adsorped" refers to the physical state wherein the water molecule In the hydrated, 
pharmaceutlcaliy acceptable acid addition salts of piperidine derivatives of the fomnula (I) and (II) Is distributed over 
the surface of the solid hydrated. pharmaceutically acceptable acid addition salts of piperidine derivatives of the formula 
5 (i) and (II). 

[0013] As used herein, the term "absorbed" refers to the physical state wherein the water molecule in the hydrated, 
pharmaceutically acceptable acid addition salts of piperidine derivatives of the formula (1) and (II) is distributed through- 
out the body of the solid hydrated, pharmaceutically acceptable acid addition salts of piperidine derivatives of the 

fonnula (i) and (11). 

10 [0014] Hydrated, pharmaceutically acceptable acid addition salts of the compounds ot fomiula (i) and (11) are those 
hydrates ranging from essentially 0.10 to 5 molecules of water per molecule of substrate salt of formula (i) or (II). 
[0015] As used herein, the term "azeotropic mixture" refers to a liquid mixture of two or more substances which 
behaves like a single substance In that the vapor produced by partial evaporation of liquid has the same composition 
as the liquid. The constant boiling mixture exhibits either a maximum or minimum boiling point as compared with that 

IS of other mixtures of the same substance. 

[0016] As used herein, the term "azeotropic distillation" refers to a type of distillation in which a substance is added 
to the mixture to be separated in order to form an azeotropic mixture with one or more of the constituents of the original 
mixture. The azeotrope or azeotropes thus fonmed will have boiling points different from the boiling points of the original 
mixture. As used herein, the term "azeotropic distillation" also refers to co-distillation. 

20 [0017] As used herein, the term "water-minimizing recryslailization" refers to a recrystaliization wherein the ratio of 
anhydrous solvent to substrate hydrate is such that the percentage of water present is minimized, thereby inducing 
precipitation of the anhydrous form of the substrate. 

[001 8] As used herein, the term "aqueous recrystaliization" refers to those processes wherein either 1) a solid material 
Is dissolved in a volume of water or a water/organic solvent mixture sufficient to cause dissolution and the solid material 

25 recovered by evaporation ot the solvent; 2) a solid material is treated with a minimal amount of water or a water/organic 
solvent mixture which is not sufficient to cause dissolution, heated to obtain dissolution and cooled to induce crystal- 
lization or 3) a solid material Is dissolved In a volume of water or a water/organic solvent mixture sufficient to cause 
dissolution and then the solvent is partially evaporated to fomn a saturated solution which induces crystallization. 
[0019] As used herein, the term "crystal digestion" refers to that process wherein a solid material is treated with a 

30 minimal amount of water or water/organic solvent mixture which is not sufficient to cause dissolution and either heating 
or stirring at ambient temperature until the desired transformation has taken place. 

[0020] As used herein, the term "antisolvent" refers to a poor solvent for the substance In question which when added 
to a solution of the substance, causes the substance to precipitate. 

[0021] As used herein, the term "suitable temperature" refers to that temperature which Is sufficient to cause dlsso- 
35 lution and to permit the precipitation of the desired substance either upon addition of an antisolvent or upon removal 
of the co-solvent by azeotropic distillation. 

[0022] The anhydrous, pharmaceutically acceptable acid addition salts of piperidine derivatives of the formula (I) 
and (II) may be prepared from the corresponding hydrated, pharmaceutically acceptable acid addition salts of piperidine 
derivatives of the fonnula (I) and (II) by subjecting the corresponding hydrated, phannaceutically acceptable acid ad- 

40 dition salts of piperidine derivatives of the fonnula (I) and (II) to an azeotropic distillation. 

[0023] Forexample, the appropriate hydrated, pharmaceuticallyacceptableacid addition salt of piperidinederlvatives 
of the formula (1) and (II) is first dissolved in a volume of a suitable solvent or solvent mixture which is sufficient to 
cause dissolution. Examples of such solvents are water, C^-Cs allcanols such as methanol, ethanol and the like; ketone 
solvents such as acetone, methyl ethyl ketone and the like; aliphatic ester solvents such as ethyl acetate, methyl 

45 acetate, methyl formate, ethyl formate, isopropyl acetate and the like and aqueous'mixtures of these solvents, such 
as acetoneAivater, methyl ethyl ketoneAwater water/acetone and water/acetone/ethyl acetate. An additional volume of 
the same solvent used to effect dissolution or second suitable anhydrous antisolvent is then added to this solution, 
which is then heated to a boiling point which Is suitable to azeotropicaliy remove water and other low boiling compo- 
nents. Suitable anhydrous antlsolvents for use In the azeotropic distillation are, for example, ketone solvents such as 

50 acetone, methyl ethyl ketone and the like; aliphatic ester solvents such as ethyl acetate, methyl acetate, methyl formate, 
ethyl formate, isopropyl acetate and the like; Cg-Ca aliphatic solvents such as pentane, hexane and the like; aliphatic 
nitriles, such as acetonitrile and mixtures of these solvents such as acetone/ethyl acetate and the like. The azeotropic 
mixture of water and solvent Is removed by distillation until the temperature changes, Indicating that the azeotropic 
mixture is completely removed. The reaction mixture is cooled and the corresponding anhydrous, pharmaceutically 

55 acceptable acid addition salts of piperidine derivatives of the fonnula (1) and (II) is recovered from the reaction zone 
by. for example filtration. 

[0024] In addition, the anhydrous, pharmaceutically acceptable acid addition salts of piperidine derivatives of the 
formula (I) and (II) may be prepared from the con-esponding hydrated, pharmaceutically acceptable acid addition salts 
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of plperidine derivatives of the formula (I) and (II) by subjecting the corresponding hydrated, pharmaceutically accept- 
able acid addition salts of piperidine derivatives of the formula (I) and (11) to a water-minimizing recrystallization. 
[0025] For example, the appropriate hydrated, phamiaceutlcally acceptable acid addition salt of piperidine derivatives 
of the fonmula (I) and (II) Is dissolved in a volume of a suitable anhydrous solvent or solvent mixture which Is sufficient 

5 to cause dissolution and heated to reflux. Examples of such solvents are water, C^-Cg alkanols such as methanol, 
ethanol and the Wke; Icelone solvents such as acetone, methyl ethyl ketone and the like; aliphatic ester solvents such 
as ethyl acetate, methyl acetate, methyl fonnate, ethyl fonnate, Isopropyl acetate and the like and aqueous mixtures 
of these solvents, such as acetone/Water, methyl ethyl ketone/water, water/acetone and water/acetone/ethyl acetate. 
An additional volume of the same solvent used to effect dissolution or second suitable anhydrous antisolvent is then 

10 added in a quantity sufficient to Initiate precipitation of the anhydrous, pharmaceutically acceptable acid addition salt 
of piperidine derivatives of the formula (1) and (li). Suitable anhydrous antisolvents are, for example, ketone solvents 
such as acetone, methyl ethyl ketone and the like; aliphatic ester solvents such as ethyl acetate, methyl acetate, methyl 
fomnate, ethyl fomnate, isopropyl acetate and the like; mixturos-of ketone solvents and aliphatic ester solvents such as 
acetone/ethyl acetate and the like; C5-C3 aliphatic solvents such as pentane, hexane and the like; aliphatk; nitriies, 

^5 such as acetonitrila and mixtures of these solvents such as acetone/ethyl acetate and the tike as well as mixtures of 
water and ketone solvents such as acetone/water and the like; and mixtures of water, ketone solvents and aliphatic 
ester solvents such as acetoneAvater/ethyl acetate. The reaction mixture Is cooled and the corresponding anhydrous, 
pharmaceutically acceptable acid addition salt of piperidine derivatives of the formula (I) and (11) Is recovered from the 
reaction zone by, for example filtration. 

20 [0026] Polymorphic forms of anhydrous 4-[4-[4-(Hydroxydiphenylmethyl)-1 -piperidinyl]-1 -hydroxybutyl]-a.a-dimeth- 
yibenzeneacetk? acid hydrochloride (Forms I and 111) may be prepared by a variety of methods as detailed below. 

Fonn ill to Form 1 

^5 [0027] For example, anhydrous 4-{4-[4-(Hydroxydiphenylmethyi)-1 -piperidinyl]-1 -hydroxybutylj-a.a-dimethylbenze- 
neacetic acid hydrochloride (Form I) may be prepared from anhydrous 4-[4-[4-(Hydroxydiphenylmethyl)-1-piperidinyl]- 
1 - hydroxy butyl]-a,a-dim6thylbenz6neacetic acid hydrochloride (Form III), by subjecting the anhydrous 4-[4-[4-(Hydrox- 
ydiphenylmethyl)-1-piperidinyl]-1-hydroxybutyl]-a,a-dimethylbenzeneacetfc acid hydrochloride (Fomri 111) to a crystal 
digestion as described above. 

30 

Fonn II to Fonn 111 

[0028] In addition, anhydrous 4-[4-[4-(Hydroxydlphenylmethyl)-1 -piperldinyl]-l-hydroxybutyl]-a,a-dimethylbenzene- 
acetic acid hydrochloride (Form 111) may be prepared from hydrated 4-[4-[4-( Hydroxy diphenylmelhyl)-1-piperldinyi]- 
35 1 -hydroxybutyl]-a,a-dimethylbenzeneacetic acid hydrochloride (Form 1 1), by subjecting the hydrated 4-[4-[4-(Hydroxy- 
dlphenylmethyl)-1-piperidlnyl]-1-hydroxybutyl]-a,a-dimethylbenz6n6acetlc acid hydrochloride (Form II) to water-mini- 
mizing recrystallization as described above. 

Form II to Fomi 1 

40 

[0029] In addition, anhydrous 4-[4-[4-(Hydroxydiph6nylmethyl)-1 -piperidinylj-l-hydroxybutyll-a.a-dlmethylbenzene- 
acetic acid hydrochloride (Form I) may be prepared from hydrated 4-[4-[4-(Hydroxydiphenylmethyl)-1 -piperjdlnyl]-1 -hy- 
droxy butyq-a,a-dimethylbenzeneacetic acid hydrochloride (Form 1 1), by subjecting the hydrated 4-[4-[4-(Hydroxydiphe- 
nylmethyl)-1-plperidlnyl]-1-hydroxybuiyl]-a,a-dimethylbenzeneacetlc acid hydrochloride (Form II) to water-minimizing 
45 recrystallization as described above or by subjecting the hydrated 4-[4-[4-(HydroxydiphenyImethyl)-1 -piperidinyl]-1 -hy- 
droxybutyl]-a,a-dimethyibenzeneacetlc acid hydrochloride (Fomn II) to an azeotropic distillation. 

Form IV to Forni 1 

50 [0030] In addition, anhydrous 4-[4-[4-(Hydroxydiphenylmethyl)-1-plperidinyl]-1-hydroxybutyl]-a,a-dimethylbenzene- 
acetic acid hydrochloride (Form I) may be prepared from hydrated 4-[4-[4-(Hydroxydiphenylmethyl)-1 -piperidinylj-l -hy- 
droxybutyl]-a,a-dimethylbenzeneaceticacid hydroch lorlde (Form IV). by subjecting the hydrated 4-[4-[4-(Hydroxydiphe- 
nylmelhyl)-! -piperidinylj-l -hydroxybutyl]-a,a-dlmethylbenzeneacetlc acid hydrochloride (Form IV) to water-mlnlmlzing 
recrystallization or to an azeotropic distillation as described above. 

S5 [0031 ] The hydrated, pharmaceutically acceptable acid addition salts of piperidine derivatives of the fomnula (I) may 
be prepared from the corresponding compound of the formula (II) wherein R3 is -COOalkyI by subjecting the conre- 
spending compound of the formula (II) wherein R3 is -COOalkyI to a reduction using an appropriate reducing agent, 
such as sodium borohyrlde, potassium borohydride, sodium cyanoborohydride, ortetmmethylammonlum borohydrlde 
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In a suitable solvent, such as, methanol, ethanoi, Isopropyl alcohol or n-butanol, aqeuous mixtures thereof or basic 
solutions thereof, at temperatures ranging from about O^^C to the reflux temperature of the solvent, and the reaction 
time vaies from about 1/2 hour to 8 hours. After quenching and acidifying with an suitable acid, such as hydrochloric 
acid, the hydrated, pharmaceutically acceptable acid addition salts of piperidine derivatives of the formula (I) are re- 

5 covered from the reaction zone by crystallization and filtration, 

[0032] In addition, the hydrated, pharmaceutically acceptable acid addition salts of piperidine derivatives of the for- 
mula (I) and (II) may be prepared from the corresponding anhydrous, phamnaceutically acceptable acid addition salts 
of the formula (I) and (II) by subjecting the corresponding anhydrous, pharmaceutically acceptable add addition salts 
of formula (I) and (II) to an aqueous recrystalllzation. 

10 [0033] For example, the appropriate anhydrous, phamnaceutically acceptable acid addition salt of piperidine deriv- 
atives of the formula (I) and (II) is treated with a minimal volume of water or suitable water/organic solvent mixture 
which is insufficient to cause dissolution and heated to reflux, The reaction mixture is cooled and the corresponding 
hydrated, phamnaceutically acceptable acid addition salt of piperidine derivatives of thefomrtula (I) and (II) is recovered 
from the reaction zone by, for example filtration. Alternatively, the appropriate anhydrous, pharmaceutically acceptable 

15 acid addition salt of piperidine derivatives of the formula (I) and (II) is treated with a volume of water or a suitable water/ 
organic solvent mixture which is sufficient to cause dissolution and the water or water/organic solvent is partially or 
completely evaporated to a volume which induces crystallization of the hydrated, pharmaceutically acceptable acid 
addition salts of piperidine derivatives of the formula (I) and (II). Suitable solvents for use in the above recrystalllzation 
are water, acetone/water, ethanol/water, methyl ethyl ketone/aqueous methanol, methyl ethyl l^etone/water and the like. 

20 [0034] The pseudomorphic fonns of hydrated 4-[4-[4-(Hydroxydiph6nylmethyl)-1-pipendinyl]-1-hydroxybutyl]-a,a- 
dimethyibenzeneacetic acid hydrochloride (Fonns 1 1 and IV) may be prepared by a variety of methods as detailed below. 

Ethyl Ester/Ketone to Fonn II 

25 [0035] Hydrated 4-[4-[4-(HydroxydiphBnylmethyl)-1 -piperidinyl]-! -hydroxybutyl]-«,a-dim6thylb6nzeneac6tlc acid 
hydrochloride (Form IV) may be prepared from ethyl 4-[4-[4-(hydroxydiphenylmethyl)-1-piperidinyl]-1-oxobutyl]-a,a- 
dimethylbenzeneacetate, hydrochloride or free base as described above for the general preparation of the hydrated, 
pharmaceutically acceptable acid addition salts of piperidine derivatives of the formula (I) from the corresponding com- 
pound of the formula (II) wherein R3 is-COOalkyI, but rapdily adding water over a period of time ranging from 1 minute 

30 to 46 minutes at a temperature range of about -20°C to SO'^C to precipitate the hydrated 4-[4-[4-( Hydroxy diphenylme- 
thyl)-1-piperidinyl]-1-hydroxybutyl]-a,a-dimethylbenzeneacetic acid hydrochloride (Form II). 

Ethyl Ester/Ketone to Fonn iV 

35 [0036] Hydrated 4-[4-[4-(Hydroxydiphenylmethyl)-1 -piperidinyl]-1 -hydroxybutyl]-a,a-dimethylbenzeneacetic acid 
hydrochloride (Form IV) may be prepared from ethyl 4-[4-[4-(hydroxydlph6nylmethyl)-1-plperldInyl]-1-oxobutyi]-a,a- 
dimethylbenzeneacetate, hydrochloride or free base as described above for the general preparation of the hydrated, 
pharmaceutically acceptable acid addition salts of piperidine derivatives of the formula (I) from the con-esponding com- 
pound of the formula (II) wherein R3 is -COOalkyL but slowly adding water over a period of time ranging from about 

40 30 minutes to 24 hours and at a temperature range of about OX to 50X. optionally with seeding, to precipitate the 
hydrated 4-[4-[4-(Hydroxydlphenylmethyl)-1 -plperidlnyl]-1 -hydroxybutyI]-a,a-dlmethylbenzenGacetlc acid hydrochlo- 
ride (Form IV). 

Form I to Forni II 

45 

[0037] Hydrated 4-[4-[4-(Hydroxydiphenylmethyl)-1 -plperidinyl]-1 .hydroxybutyl]-a;Oi-dimethylbsnzeneacetk; acid 
hydrochloride (Form II) may be prepared from anhydrous 4-[4-[4-(Hydroxydiphenylmethyl)-1-piperidinyl]-1-hydroxy- 
butyl]-a,a-dlmGthylbenzeneacetlc acid hydrochloride (Fonn I) by subjecting hydrated 4-[4-[4-(Hydroxydiphenylmethyl)- 
1-pipBridinyl]-1-hydroxybutyl]-a,a-dlmethylbGn2en6acetlc acid hydrochloride (Fomri II) to an aqueous recrystallization 

so as defined above. 

[0038] Starting materials for use in the present Invention are readily available to one of ordinary skill in the art. For 
example, ethyl 4-[4-[4-(Hydroxydiphenylmethyl)-1 -piperidinyl]-1 -oxobutyl]-a,a-dimethylbenzeneacetate, hydrochlo- 
ride Is described In U.S. Patent 4,254,129, March 3, 1981. 

[0039] The following examples present typical processes for preparing the anhydrous and hydrated, pharmaceuti- 
55 cally acceptable acid addition salts of piperidine derivatives of the formula (I) and (II), polymorphs and pseudomorphs 
therof. These examples are understood to be Illustrative only and are not intended to limit the scope of the present 
invention in any way. As used herein, the following temis have the indicated meanings: "g" refers to grams; "mol" refers 
to mole: "mmol" refers to miliimoles; "mL" refers to milliliters; "bp" refers to boiling point; "mp" refers to melting point; 
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"°C" refers to degrees Celsius; "mm Hg" refers to millimeters of mercury; "\iL' refers to microliters; "ng" refers to mi- 
crograms; and refers to micromolar. 

[0040] Differential Scanning Caiorimetry analysis were performed using a TA 2910 DSC witli open aluminum pans. 
The samples were heated to 240*0 at 6*C/mlnute with a SOmL/minute nitrogen purge. 

5 [0041] X-Ray Powder Diffraction analyses were performed as follows: 

[0042] The samples were loaded into a quartz (zero scatter) sample holder forthe XRPD pattern measurement. The 
XRPD patterns were measured using a powder diffractometer equipped with a Co X-ray lube source, primary beam 
monochromator, and position sensitive detector (PSD). The incident beam was coilimated using a 1** divergence slit. 
The active area on the PSD subtended approximately 5*2B. The source was operated at 35 kV and 30 mA and the 

10 sample was Illuminated with Co Kcf.| radiation. XRPD data were collected from 5 to 55" 26 at a rate of 0.25*'26/mlnute 
and a step width of 0.02° 20. The XRPD patterns were measured without the addition of an internal calibrant. 
[0043] Peak positions and intensities forthe most prominent features were measured using a double-derivative peak 
picking method. X-ray peaks with l/l^ greater than 20% were reported. The cutoff was chosen ariaitrariiy. The Intensities 
are rounded to the nearest 5%. Certain peaks appear sensitive to preferred orientation that is caused by changes in 

IS crystallite morphology. This results In large changes in the 1/1^ value. 

Example 1 -Preparation of Form 11 

4-[4-[4-(Hydroxydiphenylmethyl)>1 -piperidinyll-1 -hvdroxybutyl]-a,a-dimethylbenzeneacetic acid hydrochloride 

20 

Method A 

[0044] Mix ethyl 4-[4-[4-(hydroxydiphenylmethyl)-1-piperidinyG-1-oxobutyl]-a,ct-dimethylbenzeneacelate, hydro- 
chloride (101 .92g, 0. 1 807moi) and methanol (51 OmL) and stir. Rapidly add 50% sodium hydroxide (72.27g, 0.903moi) 

2S and wash In with water (61 mL). Heat to reflux for 2 hours, allow to cool to SS^C and treat with sodium borohydride 
(3.42g, 0.0903mol). Add water (1 OOmL) and maintain at 35°C for 1 0 hours. Add 37% hydrochloric acid (53.0g) to adjust 
pH to 11.5. Add acetone (26.5mL) and water (102mL). Hold at35°Cfor2 hours and adjust to pH 2. 5 with 37% hydro- 
chloric acid (44.69g). Dilute with water (408mL), cool to -15^C, stir for 1 .5 hours and collect the precipitate by vacuum 
filtration. Wash the f lltercake with deionlzed water (3X1 OOmL) and vacuum dry to give 4-[4-[4-(hydroxydlphenylmethyl)- 

30 1 .plperidinyl]-1 -hydroxybutyl]-a,a-dimethylbenzeneacetlc acid hydrochloride hydrate (97.1 Og). 

Method B 

[0045] Place ethyl 4-[4-[4-(hydroxydlphenylmethyi)-1-plpertdlnyi]-1-oxobutyl]-a,a-dimethylbenzeneacetate, hydro- 
35 chloride (60.01 g, 0.1 06mol) in a 1 -L three necked round-bottom flask and fittheflask with a mechanical stin-er, a Claisen 
head, athennometerand areflux condenser with a nitrogen bubbler on top. Add methanol (300mL) and turn the stirrer 
on. Dilute the siuny with water (60mL) and heat to 52-54°C over 16-20 minutes. Hold at 52^ for 2 hours and then 
add 50% sodium hydroxide (42.54g. 0.532mol). Heat at 73*C for approximately 1 hour, 45 minutes, cool to less than 
35'*C using a water bath andthen add sodium borohydride (2.02g, 0.0534mol). Stir overnight at35*'C, treat with acetone 
40 (15.5 mL) and stir for 2 hours at SS'^C. Acidify the mixture to a pH of 1 .85 with 28% hydrochloric acid (75.72g), dilute 
with water (282 ml), stir for about 30 minutes and cool over about 2 hours to -1 5°C. Filter the solids off and wash with 
water (2X76mL) and ethyl acetate (2X76mL). Vacuum dry thesolid and allow to stand for 2 days to give 4-[4-[4-(hydrox- 
ydiphenylmethyl)-1-plperidinyl]-1-hydroxybutyl]-a,a-dlmelhylbenzeneacetk: acid hydrochloride hydrate (Form li) 
(57.97g, 91 .5%) as a fine powder. 

45 

Method C 

[0046] Place ethyl 4-[4-[4-(hydroxydiphenylmethyl)-1 -plperldlnyi]-1 -oxobutyl]-a,«-dlm6thyibenzeneacetate (56.1 2g, 
0.1064mol) in a 1-L three necked round-bottom flask and fit the flask with a mechanical stinger, a Claisen head, a 

50 thermometer and a reflux condenser with a nitrogen bubbler on top. Add methanol (300mL) and turn the stirrer on. 
Dilute the slurry with water (60mL) and heat to reflux using a heating mantle controIlGd by a Therm-O-Watch. When 
the mixture reaches about 35°C, treat with 50% sodium hydroxide (34.06g. 0.42.56moi) and rinse in with water (42mL). 
Stir at reflux for 2 hours, 15 minutes, cool over 1 hour to 35°C and then treat with sodium borohydride (2.02g, 
0.0634mol). Stir for 7.5 hours and allow to stand at room temperature without stirring for 1 .75 days. Warm the mixture 

55 to 35°C and quench with acetone (15.6mL, 0.21mol) and stirfor2 hours. Add water (60mL) and adjust the pH to 2.5 
with 32% hydrochloric acid (65.22g). Cool to 40°C and rinse the pH probe with water (26mL). Add water over about 
30 minutes (1 92mL). hold the temperature at SS^'C f or 1 0 minutes and add a few seed crystals. Cool the slurry to -1 2X 
over about 45 minutes and Isolate the solid by filtration (586.2g). Wash with water (2X1 OOmL) and then with ethyl 



9 



EP1 178 041 A1 



acetate (1 OOmL, prechilled to about -1 0'C). Vacuum dry overnight (1 mmHg, 50°C) to give 4-[4-[4-(hydroxydiphenylme- 
thyl)-1-piperidinyl]-l-hydroxybulyl]-a,a-dimethylbenzeneacelic acid hydrochloride hydrate (Form II) (5B.86g, 98%) as 
a white solid. 

Example 2-Preparation of Form IV 

4-r4-[4-(hydroxvdiphenylmethyl)-1 -piperidinyll-1 -hydroxvbutyl]-a.tt-dimethvlbenzeneacetic acid hydroc hloride (Form 

lyi 

[0047] Place ethyl 4-[4-[4-(hydroxydlphenylmethyl)-1 -plperidinyl]-1 K)xobutyl]-a,a-dimethyibenzeneacetate (56.1 2g, 
0.1064mol) in a 1-L three necked round-bottom flask and fit the flask with a mechanical stirrer, a Claisen head, a 
thermometer and a reflux condenser with a nitrogen bubbler on top. Add methanol (300mL) and turn the stirrer on. 
Dilute the slurry with water (BOmL) and heat to reflux using a heating mantle controlled by a Thenm-O-Watch. When 
the mixture reaches about SS^'C, treat with 50% sodium hydroxide (34.059, 0.4256mol) and rinse in with water (42mL). 
Stir at reflux for 2 hours, 15 minutes, cool over 1 hour to SS'^C and then treat with sodium borohydride (2.02g, 
0.0634mol). Stir for 7.6 hours and allow to stand at room temperature without stirring for 1 .75 days. Warm the mixture 
to 35'C and quench with acetone (15.5mL, 0.21mol) and stir for 2 hours. Add water (60mL) and adjust the pH to 2.5 
with 32% hydrochloric acid (65.22g). Cool to 40^C and rinse the pH probe with water (25mL). Hold the temperature at 
33^C for 10 minutes, add a few seed crystals and add water over about 4 hours (192mL) at 35^C. Cool theslun7to 
-12°G over about 45 minutes and isolate the solid by filtration (586.2g). Wash with water (2X1 OOmL) and then with 
ethyl acetate (1 OOmL. prechilled to about -1 O^C). Vacuum dry overnight (1 mmHg, 50^C) to give 4-[4-[4-(hydroxydiphe- 
nylmethyl)-1-plperidinyl]-1-hydroxybutyl]-a,a-dimethylb6nzen6acetlc acid hydrochloride hydrate (Form IV); mp 
115-116**C (dec). 

XRPD: Table 5 

[0048] 



Table 5 



D-Space, Angstroms 


Intensity, l/l^. % 


10.38 


60 


6.97 


46 


6.41 


50 


5.55 


30 


5.32 


100 


5.23 


55 


5.11 


35 


4.98 


25 


4.64 


30 


4.32 


35 


4.28 


75 


4.12 


50 


4.02 


45 


3.83 


60 


3.65 


20 


3.51 


55 


3.46 


25 


2.83 


20 
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Example S-Con version of Form II to Form I 

4-[4-[4-(hydroxydlphenvlmsthvi)-1 -plperldlnyll-1 -hydroxybutvn-a.ff-cilmethylbenzeneacetle acid hydrochlortde (Form I) 

5 [0049] Treat 4-[4-[4-(hydroxydIphenylmethyl)-1 -plp6ridinyl]-1 -hydroxybutyl]-a,a-dlmethyIben26n6acetlc acid hydro- 
chloride hydrate (Form II) (20. Og, 0.0355mol) with deionized water (2g) and add acetone (60mL) In small portions over 
several minutes with stirring. Filter through filter aid and wash the filter cake with acetone (30mL). Wash the flltercake 
with acetone (22mL}, reflux filtrate and then slowly add ethyl acetate (32mL over 15 minutes] keeping the mixture at 
reflux. Reflux for 1 0 minutes, then slowly add additional ethyl acetate (23mL over 1 0 minutes) and reflux for an additional 

10 15 minutes. Add additional ethyl acetate (60mL over 5-10 minutes) and continue refluxing for 15 minutes. Cool to 
approximately S^'C in an be bath, filter the solid and wash with ethyl acetate (85mL). Vacuum dry at 55^C for 1 .5 hours 
to give the title compound (18.16g, 95%). 

Example 4-Conversion of Form II to Form I 

15 

4-[4-[4.(Hydroxydiphenylmethyl)-1 -piperidinyl]-1 -hydroxybutyil-a.a-dimethylbenzeneacetic acid hydrochloride 
Method A: 

20 [0050] Treat 4-[4-[4-{hydroxydlphGnylmethyl)-1 -piperidlnyl]-1 -hydroxybulyll-aja-dlmethylbenzeneacetlc acid hydro- 
chloride hydrate (Form ll)(5.00g. 0.0083mol) withmethylethyl ketone (130mL). Slowly add water (0.4mL), filter through 
filter aid and wash the fitter cake with methylethyl ketone (20mL). Heat to reflux and distill off 75mL of solvent, cool to 
-IS^C and collect by vacuum filtration. Wash with methylethyl ketone (2X1 OmL) and vacuum dry at 60*C to give the 
title compound (4.33g. 97%); mp 196-198''C. 

25 

Method B: 

[0051 ] Treat 4-[4-[4-(hydroxydlphenylmethyl)-1 -piperidinyO-1 -hydroxybutyl]-a,a-dimelhylbenzeneacetlc acid hydro- 
chloride hydrate (Form II) (1 .4g) with acetone (60mL) and heat to reflux. Reduce the volume to approximately 35mL 
30 to remove all water which boils off as an azeotrope (68/1 2: acetone/water). Cool the solution and collect the tide com- 
pound as a crystalline solid. 

Method C: 

35 [0052] Mix 4-[4-[4-(hydroxydiphenylmethyl)-1-piperidinyt]-1-hydroxybutyl]-a,a-dimethylbenzeneacetkJ acid hydro- 
chloride hydrate (Form II) (53.88g, O.IOOmol) and add water (479g) and methyl ethyl ketone (240mL). Stir until The 
solid Is slurried up and add additional methyl ethyl ketone (1 L). Stir for 0.5 hours, filter through a pad of filter aid, wash 
the flltercake with methyl ethyl ketone (lOOmL) and transfer the filtrate and wash to a 2L, 3-necked flask fitted with a 
themiometer, mechanical stirrer and distillation head. Distill off a total of 721 mL of methyl ethyl ketone, cool and stir 

40 over 1 hourto 40*C. Cool to -1 S^C and hold for 1 0 minutes. Collect the solid by vacuum filtration and wash the flltercake 
with methyl ethyl ketone (2X65mL) and vacuum dry at 55*'C overnight to give the title compound (52.76g, 97.9%); mp 
197.5-200'C. 

Method D: 

45 

[0053] Treat 4-[4-[4-(hydroxydlphenylmethyl)-1 -plperldlnyl]-1 -hydroxybutyll-a.a-dimethylbenzeneacetlc acid hydro- 
chloride hydrate (Form II) (40.0g, 0.0696mol. assayed at 93.6% purity, having 0.89g water present and 36.1 g. 
0.0575mol: assayed at 88.0% purity, having 2.47g water present) with water (8.30g; the amount calculated to bring 
the weight of water present to 17% of the anhydrous weight of 4-[4-[4-(hydroxydiphenylmethyl)-1-pip6ridlnyl]-1-hy- 

so droxybutyl]-a,a-dimethylbenzeneacetic acid hydrochlortde hydrate, taking into account the water in the hydrated salt) . 
Add methyl ethyl ketone (approximately SOOmL) and stir until most of the solids dissolve. Add additional methyl ethyl 
ketone (ZOOmL) in portions over approximately 1 0 minutes and continue stirring for 1/2 hour. Filter through a thin pad 
of filter aid, wash the flltercake and flask with additional methyl ethyl ketone (lOOmL) and transfer to a boiling flask 
fitted with a thermometer, mechanical stirrer, heating mantle, a 12-plate Oldershaw (vacuum-jacketed) distillation col- 

55 umn and a distillation head with the capability of regulating the reflux ratio in a rough fashion, washing in with additional 
methyl ethyl ketone (lOOmL). Distill off 450 mL of solvent, cool to -15°C and filter the solid. Wash with methyl ethyl 
ketone (2X100mL) and dry to give the title compound (68.3g. 99.9%); mp 197-199*C. 
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Method E 

[0054] Bring methyl ethyl ketone (4mL) to a boll and add 4-[4-[4-(hydroxydlphenylmethyl)-1 -plperldlnyl]-1 -hydroxy- 
butyl]-a,a-dimethylbenzeneacetic acid hydrochloride (500mg). Decant the top layer and add methyl ethyl ketone (3mL) 
5 to the aqeuous layer. Boil the solution until the temperature reached 79°C, reduce the volume by 25%, remove from 
heat and cover with aluminum foil. Allow the solution to cool, filter the resulting crystals and air dry to give the title 
compound. 

Example 5-Conversion of Form I to Form II 

10 

4-[4-[4-(Hydroxvdiphenylmethyl)-1 -piperidinyl]-1 -hydroxybutvl1-a.a-dimethvlbenzeneacetic acid hydrochloride 
hydrate 

Method A 

15 

[0055] Treat 4-[4-[4-(hydroxydiphenylmethyI)-1 -piperidinyl]-1 -hydroxybutyl]-a,a-dimethylbenzeneacetic acid hydro- 
chloride (Form I) (2.0g) with ethanol (4mL) and deionlzed water (20mL). Heat at 80*'C until a solution is formed and 
then stir at room temperature for 23 hours. Filter the resulting slun^. wash with water (2X1 OmL) and dry under vacuum 
at SS'C overnight to give the title compound (1 .8Bg); mp 1 00-1 05*C. 

20 

XRPD:Table6 
[0056] 



Table 6 





D-Space, Angstroms 


Intensity, l/lo. % 




11.41 


20 




7.98 


20 


30 


7.83 


45 




6.58 


45 




6.42 


60 


35 


5.66 


20 




5.52 


45 




5.39 


30 


40 


5.23 


65 


5.14 


45 




4.86 


65 




4.72 


100 


45 


4.45 


65 




4.40 


45 




4.32 


45 


50 


4.18 


45 


4.06 


65 




4.02 


55 




3.85 


25 


55 


3.79 


75 




3.74 


95 
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Table 6 (continued) 



D-Space, Angstroms 


iniensny, i/Iq, /q 


3.61 


80 


3.56 


25 


3.47 


65 


3.41 


20 


2.74 


20 



Method B 

[0057] Mix water (35.5mL), methanol (26.3mL) and sodium chloride (2.59g). Add 4-[4-[4-(hydroxydiphenylmethyl)- 
1 -piperidinyl]-1 -hydroxybutyl]-a,a-dimethylbenzeneacetic acid hydrochloride (Form I) (4.77g) . Heatto reflux on a steam 
bath until dissolution and cool to -IC'C. Filter the resulting solid, wash with water (2X25mL) and vacuum dry overnight 
to give the title compound (4.80g). 

Example S-Conversion off Fomn II Into Fomi ill 

20 

4-f4-f4-(Hydroxydiphenvlmethvl)-l-pip6iidinvll-1-hydroxybutyll-a,«-dimethylben2Bneacetic acid hydrochloride (Form 
M 

[0058] Place 4-[4-[4-(Hydroxydiphenylmethyl)-1-piperldinyl]-1-hydroxybutyl]-a,a-dimethylbenzeneacetic acid hy- 
drochloride hydrate (Fonri il) (65.S6g, 0.0929mol having 1 0% water) in a pressure bottle along with water (2.96g) and 
acetone (38.1 g). Seal the bottle tightly and heat to approximately SC^C. Cool to about SCC, filter through filter aid In 
a coarse sintered glasa funnel and dilute with acetone (90g). Transfer to a IL flaek fitted with a mechanical stirrer, 
themiometer and a reflux condenser. Heat the mixture to reflux and allow to cool and stir over the weekend. Cool to 
-15**C and filter on a coarse sintered glass funnel wash with ethyl acetate (2X50mL) and vacuum dry at 50°C. 
30 [0059] Place a majority of the solid obtained (45.24g) In a 500 mL three necked flask fitted with a mechanical stin-er, 
thermometer and a reflux condenser. Add acetone (240mL) and water (4.82g) and reflux the mixture overnight. Allow 
the slurry to cool to 35°C and place in an ice water bath and cool to less then 5''C. Filter the solid off on a coarse 
sintered glass funnel, wash with ethyl acetate (50mL) and vacuum dry at 50C f orseveral hours to give the title compound 
as a white crystaitine powder (43.83g. 97%); mp 1 66.5-1 70.5^C. 

35 

XRPD:Table7 



[0060] 

40 Table 7 



55 



D-Space, Angstroms 


Intensity, l/l^. % 


8.95 


95 


4.99 


20 


4.88 


100 


4.75 


35 


4.57 


25 


4.47 


25 


4.46 


20 


3.67 


20 


3.65 


25 
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Example y-Converslon of Form III Into Form I 

4-[4-[4-(Hvdroxvdiphenvlmethvi)-l -plp6fidlnvl]-1 -hvdrQxvbutvl]-c)t.«-dlm6thvlbenz6n6acetic acid hydrochloride (Form 

5 

[0061] Place 4-[4-[4-(Hydroxydiphenylmethyl)-1-piperidinyll-1-hydroxybutyl]-a.a-dimethylbenzeneacetb acid hy- 
drochloride (Form III) {40.0g ae an ethyl acetate wetcake-27.9g dry basis) in a 1L three necked flask fitted with a 
mechanical stirrer, themiometer and a reflux condenser. Add acetone (240mL) and heat the mixture to reflux for about 
20 hours. Cool the slurry to -tS^'C and Isolate the solids by filtration on a coarse sintered glass frit funnel. Wash with 
10 ethyl acetate (50mL) and vacuum dry overnight to give the title compound (26.1 g, 93.7%); mp 197.5-1 99. 5" C. 

XRPD:Table8 

[0062] 

IS 

Table 8 



D-Space, Angstroms 


Intensity, l/i^^ % 


11.75 


35 


7.23 


35 


6.24 


60 


5.89 


40 


5.02 


20 


4.94 


30 


4.83 


100 


4.44 


30 


3.93 


75 


3.83 


20 


3.77 


65 


3,71 


25 


3.62 


30 


3.32 


25 


3.31 


20 



40 

Example 6-Converslon of Form IV into Form I 

4^4^4-(Hydroxydiphenylmethyl)-1 -piperidinyll-1 -hydrQxybutvl]-a,a-dimethylbenzeneacetic acid hydrochloride (Form 
11 

45 

[0063] Place 4-[4-[4-(hydroxydiphenylmethyl)-1 -piperidinyl]-1 -hydroxybutyl]-a.a-dimethylbenzeneacetic acid hydro- 
chloride hydrate (Fonn IV) (54.35g, 0.0970mol, having 4% water present) in a pressure bottle along with water (4.16g) 
and acetone (38.1 g). Seal the bottle tightly and heat to approximately 80''C. Cool to less then 60^C, filter through filter 
aid In a coarse sintered glass funnel and rinse the filter cake with acetone (32,4g). Place acetone (21 5g) in a 1 L three 

50 necked flask fitted with a mechanical stln-er, themnometer, a reflux condenser and containing a small amount of Form 
I crystals and heat to reflux. Add a portion of the acetone/water solution of 4-[4-[4-(hydroxydiphenylmethyl)-1-piperid- 
lnyll-1 -hydroxybutyll-a.a-dimethylbenzeneaceticacid hydrochloride hydrate (Fomn IV) (47.65g) to the refluxing acetone 
over about 1 0 minutes. Slowly add ethyl acetate (1 57.5g) over 45 minutes then add the remaining portion of the acetone/ 
water solution of 4-[4-t4-(hydroxydlphenylmethyl)-1-plpBridinyl]-1-hydroxybutyl]-a,a-dimethylbenzeneacetlc acid hy- 

55 drochloride hydrate (Fonn IV), rinsed in with about 20mL of acetone. Add additional ethyl acetate (157.5g) over 45 
minutes to 1 hour, maintaining the slurry at reflux. Stir for 1 5 minutes, cool to -15**C and vacuum filter the white solid 
on a 350mL coarse sintered glass funnel. Wash the solids with ethyl acetate (2X50mL) and vacuum dry overnight to 
give the title compound (50.36g, 97%); mp 198-199.5X. 
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XRPD: Table 9 
[0064] 



Table 9 



D -Space, Angstroms 


Intensity, l/l^, % 


14.89 


20 


11.85 


20 


7.30 


20 


6.28 


70 


5.91 


25 


5.55 


20 


5.05 


25 


4.96 


55 


4.85 


100 


4.57 


45 


4.45 


55 


3.94 


45 


3.89 


20 


3.84 


20 


378 


60 


3.72 


35 


3.63 


20 


3.07 


20 


3.04 


20 


2.45 


20 



[0065] The polymorphic and pseudomorphic 4-[4-[4-(hydroxydiph&nylmethyl)-1-pipGridlnyl]-1-hydroxybutyl]-a,a- 
dlmethylbenzeneacetlc acid hydrochloride compounds of this invention are useful as antihistamines, antlailergy agents 
and broncho dilators and may be administered alone or with suitable phannaceuticai carriers, and can be in solid or 
liquid form such as, tablets, capsules, powders, solutions, suspensions or emulsions. 

[0066] The polymorphic and pseudomorphic 4-[4-[4-(hydroxydiphenylmethyl)-1-piperidinyl]-1-hydroxybutyl]-a,a- 
dlmethylbenzeneacetlc acid hydrochloride compounds of this invention can be administered oraiiy, parenteraliy, for 
example, subcutaneously, Intravenously, intramuscularly, intraperitoneally. by intranasal instillation or by application to 
mucous membranes, such as, that of the nose, throat and bronchial tubes, for example, in an aerosol spray containing 
small particles of a compound of this Invention in a spray or dry powder form. 

[0067] The quantity of polymorphic or pseudomorphic 4-[4-[4-(hydroxydiphenyimethyl)-1-plperidinyi]-1-hydroxy- 
butyl]-a,a-dlmethylbenzeneacetic acid hydrochloride compound administered will vary depending on the patient and 
the mode of administration and can be any effective amount. The quantity of polymorphic or pseudomorphic 4-[4-[4-(hy- 
droxydiph6nylmethyl)-1-plperidinyl]-l-hydroxybutyl]-a.«-dim6thylbenzeneacetlc acid hydrochloride compound admin- 
istered may vary over a wide range to provide In a unit dosage an effective amount of from about 0.01 to 20 mg/kg of 
body weight of the patient per day to achieve the desired effect. For example, the desired antihistamine, antlailergy 
and bronchodilator effects can be obtained by consumption of a unit dosage form such as a tablet containing 1 to 500 
mg of a polymorphic or pseudomorphic 4-[4-[4-(hydroxydiphenylmethyl)-1-piperidinyl]-1 -hydroxybutyO-a,a-dimethyl- 
benzeneacetlc acid hydrochloride compound of this Invention taken 1 to 4 times dally. 

[0068] The solid unit dosage forms can be of the conventional type. Thus, the solid form can be a capsule which can 
be the ordinary gelatin type containing a polymorphic or pseudomorphic 4-[4-[4-(hydroxydiphenylmethyl)-1 -piperidinyl]- 
1-hydroxybutyi]-a,a-dimethylbenzeneacetic acid hydrochloride compound of this invention and a carrier, for example, 
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lubricants and Inert fillers such as lactose, sucrose or cornstarch. In another ©mbodlmsnl the polymorphic or pseudo- 
morphic 4-[4-[4-{hydroxydiphenylmethyl)-1 'piperidinyl]-1 -hydroxybutyl]-a.a-dimethylbenzeneacetic acid hydrochlo- 
ride compound Is tableted with conventional tablet bases such as lactose, sucrose or cornstarch or gelatin, disinte- 
grating agents such as cornstarch, potato starch or alginic acid, and a lubricant such as stearic acid or magnesium 
stearate. 

[0069] The polymorphic or pseudomorphic 4-[4-[4-(hydroxydiphenylmethyl)-1-piperidinyl]-1-hydroxybutyl]-a,a- 
dimethylbenzeneacetic acid hydrochloride compounds of this invention may also be administered in injectable dosages 
by solution or suspension of the compounds In a physiologically acceptable diluent with a phannaceutlcal can-lervi^hlch 
can be a sterile liquid such as water and oils, with or without the addition of a surfactant and other pharmaceutically 
acceptable adjuvants. Illustrative of oils there can be mentioned those of petroleum, animal, vegatable or synthetic 
origin, for example, peanut oil, soybean oil or mineral oil. In general, water, saline, aqueous dextrose and related sugar 
solutions and glycols such as propylene glycol or polyethylene glycol are preferred liquid carriers, particularly for In- 
jectable solutions. 

[0070] For use as aerosols the compounds of this invention in solution or suspension may be packaged in a pres- 
surized aerosol container together with suitable propellants, for example, hydrocarbon propellants such as, propane, 
butane or isobutane with the usual adjuvants as may be administered in a non-pressurized form such as in a nebulizer 
or atomizer. 

[0071] The temri patient as used herein is taken to mean warm blooded animals, birds, mammals, for example, 
humans, cats, dogs, horses, sheep, bovine cows, pigs, lambs, rats, mice and guinea pigs. 



Claims 

1 . A process for preparing a compound of the fomiula 




wherein 

Ri represents hydrogen or hydroxy; 

represents hydrogen; or 
R., and Rg taken together form a second bond between the carbon atoms bearing R^ and R2; 
n is an integer of from 1 to 5; 

Rg is -CHgOH, -COOH or -COOalkyI wherein the alkyl moiety has from 1 to 6 carbon atoms and is straight or 
branched; 

Wis -CH(OH)- or-C(=0)-; 
A is hydrogen or hydroxy; 
Y is a pharmaceutically acceptable acid; and 

the individual optical isomers thereof, 
comprising subjecting a compound of the formula 
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and the individual optical isomers thereof, wherein R^, Rg, R3. n, W, A and Y are defined above and X is a number 
ranging essentially from 0.10 to 5 to an azeotropic distillation. 

A process for preparing a compound of the formula 




wherein 



Ri represents hydrogen or hydroxy; 
R2 represents hydrogen; or 

Ri and Rg taken together tomn a second bond between the carbon atonns bearing R^ and Rg; 
n is an integer of from 1 to 5; 

R3 Is -CIH2OH, -COOH or -COOalkyI vi^ereln the alky! moiety has from 1 to 6 carbon atoms and Is straight or 
branched; 

Wis -CH{OH)- or -C(=0)-; 

A is hydrogen or hydroxy; 

Y is a phamnaceutically acceptable acid; 

X is a number ranging essentially from 0.1 to 5; and 

the individual optical isomers thereof, 



comprising subjecting a compound of the formula 
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{CH2)n— W — <J|^ V>— C— R3 



CH3 



and the individual optical isomers thereof wherein R,, Rg, R3, n, A. W and Y are as defined above, to an aqueous 
recrystallization. 

A process for preparing a compound of the formula 




C — OH 




1 r /r^ 

(CR2)3 — CH — .7 — C — COOH 



GH3 

and the Individual optical Isomers thereof, wherein Y Is a phamiaceuttcally acceptable acid, comprising subjecting 
a compound of the fonnula 





-OH 




(CH2 



)3 — CH — ^ y — c — .coca 

.XH2O 
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wherein Y is as defined above and X is a number ranging essentialiy from 0.10 to 5 to an azeotropic distiliatlon. 
A process tor preparing a compound of the formula 




and the individual optical isomers thereof, wherein Y is a phamiaceuticaily acceptable acid and X Is a number 
ranging essentially from 0.10 to 5, comprising subjecting a compound of the fonnula 




wherein Y is as defined above to an aqueous recrystaliization. 

A process according to Claim 3 or 4 wherein Y is HCI. 

A process according to Claim 5 wherein x is a number ranging from 1 to 4. 

A process according to Claim 6 wherein x is a number ranging from 2 to 3. 

A compound of the fomiula 
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. , CH3 

(CH2)3--CH— (j— COOH •KCl 

wherein X Is a number ranging from 0.1 to 5 and the Individual optical Isomers thereof, preparable by the process 
comprising the steps of: 

a) treating a compound of the fomiula 




CH2 ) 3 CH y 9 COOH • HCl 



CH3 

and the Individual optical isomers thereof with a suitable solvent; 

b) heating the mixture to a suitable temperature; and 

c) cooling the mixture to Initiate crystallization. 

9. Form I anhydrous 4-[4-[4-(Hydroxydiphenylmethyl)-1 -piperidinyl]-1 -hydroxybutyi]-a,a-dimethylbenzeneacelic acid 
hydrochloride, 

Form 11 hydrated 4-[4.[4-(Hydroxydlphenylmethyi)-1-piperldinyI]-1-hydroxybutyil-a,a-dimethylbenzen6acetlc 
acid hydrochloride, 

Form ill anhydrous 4.[4-[4.(Hydroxydlphenylmethyl)-1-piperldlnyl]-1-hydroxybutyllHX,a-dimelhylbenzeneace- 
tlc acid hydrochloride and 

Form IV hydrated 4-[4-[4-(HydroxydiphenyImethyi)-1 -piperidinyIl-1 -hydroxybutyll-a,a-dlmethylbenzeneacetic 
acid hydrochloride. 

1 0. A pharmaceutical composition comprising an a compound of Claim 9 in admixture or otherwise in association with 
an inert carrier. 

11. Use of a compound as defined In claim 9 for the preparation of a pharmaceutical composition for treating allergic 
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reactions. 

12. A process for preparing the Fonri I anhydrous 4-[4-[4-(Hydroxydiphenylmethyl)-1-plp©rldInyl]-1-hydnoxybulyl]-a, 
a-dimethylbenzeneaceticacidhydrochloridewhichcomprises8ubjectingFonTillhydrated4-[4-[4-{Hydroxydi^ 
methyl)-1-plperidinyl]-1-hydroxybutyl]-a,a-dimethylbenz6nBacetic acid hydrochloride to an azeotropic distillation. 

13. A process for preparing the Form I anhydrous 4-[4-[4-(HydroxydlphenylmethyI)-1-piperidinyl]-1-hydroxybutyl)-a, 
a-dlmethylbenzeneaceticacid hydrochloridewhich comprfsessubjecting Form IN anhydrous4-[4-[4-(Hydroxyd!phe- 
nylmethyl)-l-piperidinyl]-l-hydroxybutyl]-a,a-dimethylbenzeneacetic acid hydrochloride to a crystal digestion. 

14. A process for preparing the Form I anhydrous 4-[4-[4-(HydroxydiphenylmethyI)-1-piperidlnyl]-1-hydroxybutyl]-a, 
a-dimdthylbenzeneacetic acid hydrochloride which comprises subjecting Fonn IV hydrated 4-[4-[4-(Hydroxydiphe- 
nyimethyl)-1-piperidlnyi]-1-hydroxybutyl]-a,a-dlmethylbenzeneacetic acid hydrochloride to an azeotropic distilla- 
tion. 

15. A process according to claim 14 wherein suitable solvents or solvent mixtures which are sufficient to cause dis- 
solution are methanol, acteone/water and methyl ethyl ketone/water and a su itable anhydrous antisotvent is methyl 
ethyl ketone. 

16. A process for preparing the Form 11 hydrated 4-[4-[4-(Hydroxydiphenylmethyl)-1 -piperidinyl]-1 -hydroxyb utyl]-a,a- 
dimethylbenzeneacetic acid hydrochloride which compriaes: 

a) reacting ethyl 4-[4-[4-(hydroxydiphenylmethyl)-1-piperidinyl]-1-oxobutyl]-a,a-dimethylbenzeneacetate hy- 
drochloride with an appropriate reducing agent in a suitable solvent: 

b) acidifying with hydrochloric acid; and 

c) adding water over a period of time ranging from 1 minute to 45 minutes at a temperature range of about 
-acC to 50"C. 

17. A process for preparing the Form II hydrated 4-[4-[4-(Hydroxydiphenylmethyl)-1 -piperidinyl]-1 -hydroxybutyl]-a,a- 
dimethylbenzeneacetic acid hydrochloride whk^h comprises: 

a) reacting ethyl 4-[4-[4-(hydroxydlphenylmethyl)-1-piperidlnyi]-1-oxobutyl]-a,a-dlmethylbenzeneacetata with 
an appropriate reducing agent in a suitable solvent; 

b) acidifying with hydrochloric acid; and 

c) adding water over a period of time ranging from 1 minute to 45 minutes at a temperature range of about 
-20°C to 

18. A process according to claim 1 7 wherein the water is added over a period of time ranging from 10 minutes to 30 
minutes at a temperature range of about CC to 40*C. 

19. A process according to claim 18 wherein the water is added over a period of time ranging from 10 minutes to 30 
minutes at a temperature range of about 20°C to 40°C. 

20. A process for preparing the Form 11 hydrated 4-[4-[4-(HydroxydiphenylmethyI)-1 -plp6ridlnyl]-1 -hydroxybutyl]-a,a- 

dlmethylbenzeneacetlcacld hydrochloridewhich comprises subjecting Fonri I anhydrous 4-[4-[4-(Hydrx>xydlphBnyl- 
methyl)-1-piperidinylJ-1-hydroxybutyl]-a,a-dimethylbenzeneacetic acid hydrochloride to an aqueous recrystalliza- 
tion. 

21 . A process for preparing the Fomn IV hydrated 4-[4-[4- (Hyd roxydip h eny I methyl)- 1 "plporidlnyl]-1 -hydroxybutyl]-a,a- 
dimethylbenzeneacetic acid hydrochloride which comprises: 

a) reacting ethyl 4-(4-[4-(hydroxydiphenylmethyl)-1-pip6ridlnyl]-l-oxobutyl]-ce,o(-dlmethylbenzen6acetate hy- 
drochloride with an appropriate reducing agent in a suitable solvent; 
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b) acidifying with hydrochioric acid; and 

22. A process for preparing the Form IV hydrated 4-[4-[4-(Hydroxydiphenylmethyl)-1 .piperidlnylj-l .hydroxybutyl]-a.a- 
dlmethylbenzeneacetic acid hydrochloride which comprises: 

a) reacting ethyl 4-I4-[4-(hydroxydiphenylmethyl)-1 -piperidinylj-l -oxobutyl]-a,a-dim ethyl benzeneacetate with 
an appropriate reducing agent in a suitable solvent; 

b) acidifying with hydrochloric acid; and 

c) adding water over a period of time ranging from 30 minutes to 24 hours at a temperature range of about 
O'CtoBO^C. 

23. A process according to claim 22 wherein the water is added over a period of time ranging from 1 hour to 1 2 hours 
at a temperature range of about 1 0°C to 40°C. 

24. A process according to claim 23 wherein the water Is added over a period of time ranging from 2 hours to 8 hours 
at a temperature range of about 20''C to 40*C. 
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